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A method for the return of blood from a blood treatment apparatus and an appara- 
tus to carry out the method 



The invention relates to a method for the return of blood from a blood treatment ap- 
paratus, preferably a dialysis apparatus, and to an apparatus to carry out the 
method. 

Dialysis apparatus of the most varied construction for different applications are 
known as blood treatment apparatus. An extracorporeal blood circuit is thus pro- 
vided, for example for hemodiafiltration (HDF), comprising the following compo- 
nents: comprising a dialyzer, at least two lines with outlets (patient needles), a 
blood pump, a dialysate pump, a first valve arranged in the first line, a second valve 
arranged in the second line and a predilution port or a postdilution port for the feed- 
ing of the substituate fluid. 

The individual components can be assembled in differential construction. However, . 
these corresponding components are particularly advantageously components of 
an integrated cassette such as was described, for example, in DE 102 24 750.1 of 
June 4, 2002. 
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The problem results at the end of a dialysis session that the blood present in the 
extracorporeal circuit is returned to the patient as completely as possible. Appropri- 
ate methods are already known for the different blood treatment apparatus for this 
purpose. A method for the return of blood from a blood treatment apparatus is de- 
scribed, for example, in EP 0 578 175 B1 while citing further alternative methods. 

Starting from the known methods for the return of blood from a blood treatment ap- 
paratus, a procedure for a return of blood which is as quantitative as possible 
should be developed which is designed to be even further simplified and more ex- 
pedient where possible. 

The object is solved in a system with a predilution port in a method having the fea- 
tures of claim 1 . The object is solved with an apparatus having a postdilution port by 
a method having the method steps in accordance with claim 2. 

Accordingly, the method for the return of blood in accordance with the first solution 
of the invention is carried out with the following steps in a blood treatment appara- 
tus comprising a blood treatment element, two lines with outlets, a blood pump, a 
first valve arranged in the first line, a second valve arranged in the second line and 
a predilution port for the feeding of the substituate fluid, comprising a substituate 
supply line which is connected to the predilution port and in which a substituate 
pump is interposed: 

- the first valve in the first line is opened and the second valve arranged in the 
second line is closed; 

- the blood pump is set to feedthrough or it is also running while the substitu- 
ate pump displaces the blood by means of transported substituate fluid; 

- the blood is further displaced in a volume-controlled manner until it has 
reached the line outlet of the first line; 

- the blood pump is closed or stopped, the first valve is closed and the second 
valve is opened; 
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- the substituate pump displaces blood through the released second line and 
the blood treatment element by transported substituate fluid; and 

- the blood is further displaced in a volume-controlled manner until it has 
reached the line outlet of the second line. 

In accordance with the second solution of the invention, the method for the return of 
blood is carried out with the following steps in a blood treatment apparatus compris- 
ing a blood treatment element, two lines with outlets, a blood pump, a first valve 
arranged in the first line, a second valve arranged in the second line and a postdilu- 
tion port for the feeding of the substituate fluid, comprising a substituate supply line 
which is connected to the postdilution port and in which a substituate pump is inter- 
posed: 

- the first valve in the first line is opened and the second valve arranged in the 
second line is closed; 

- the blood pump is set to feedthrough or it is also running while the substitu- 
ate pump displaces the blood through the blood treatment element and the 
first line by means of transported substituate fluid; 

- the blood is further displaced in a volume-controlled manner until it has 
reached the line outlet of the first line; 

- the blood pump is closed or stopped, the first valve is closed and the second 
valve is opened; 

- the substituate pump displaces blood through the released second line by 
transported substituate fluid; and 

- the blood is further displaced in a volume-controlled manner until it has 
reached the line outlet of the second line. 

The solutions of the invention permit a return of blood equally arterially or venously. 
In contrast to the standard method with arterial disconnection and subsequent ve- 
nous disconnection, the disconnection of the patient is only necessary right at the 
end of the return procedure. Then, the arterial inlet is first disconnected and con- 
nected to a flushing solution bag containing physiological saline. The blood in the 



hose system is then returned to the patient via the venous connection with the aid 
of the blood pump. The return is monitored manually in this process. 

A change-around of the patient connections for the start of the return is not neces- 
sary with the method in accordance with the invention. 

The substituate pump is particularly advantageously used for the supply of fluid, 
whereby a good separation boundary results between the added solution and the 
blood. 

In accordance with a preferred aspect of the invention in accordance with depend- 
ent claim 3, a membrane pump with highly precise dosing is used as the substituate 
pump. In cooperation with the two optical sensors, this permits a very effective re- 
turn of blood at a precise point since the residual volume in the lines from the sen- 
sors to the line outlet is known and this known volume can be displaced at a precise 
point from the line by a corresponding control of the membrane pump with highly 
precise dosing. 

Advantageous further developments of the method result from the further depend- 
ent claims. 

The invention finally relates to an apparatus in accordance with claim 9. Advanta- 
geous aspects of this apparatus result from the subordinate claims dependent 
thereon. 

Further details, features and advantages of the invention will be explained with ref- 
erence to an embodiment shown in the drawing. The only Figure shows a basic 
circuit diagram of an online hemodiafiltraton apparatus with which the method in 
accordance with the invention can be carried out. 

The dialysis apparatus 10 shown in the Figure contains a dialyzer 12, a blood pump 
14 which is made as a membrane pump, a substituate pump 16 which is likewise 
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made as a membrane pump, a first line 18 as an arterial blood line and a second 
line 20 as a venous blood line. A first valve 22 is arranged upstream of the blood 
pump 14 in the transport direction in the first line 18 during a blood treatment. Both 
the blood pump 14 and the substituate pump 16 are made as double pumps con- 
nected in parallel, which permits an almost uniform transport. A second valve 24 is 
arranged in the second line 20. A first optical detector 26 is arranged in the first line 
and a second optical detector 28 is arranged in the second line. 

The substituate pump 16 transports substituate solution from a substituate source 
30 via a substituate supply line 31 either to a predilution port 32 or to a postdilution 
port 34. The substituate source 30 can be a bag with a suitable fluid or a prepara- 
tion unit inside the dialysis apparatus 10 which prepares a suitable fluid on site. 

In the event that the substituate pump 16 transports the substituate to a predilution 
port 32, the first valve 22 in the first line 18 is opened and the second valve 24 in 
the second line 20 is closed after the end of the dialysis for the return of blood from 
the dialysis apparatus 10 to the patient (not shown in any more detail here). The 
blood is very largely pressed out of the blood pump 14. The blood pump 14 is set to 
feedthrough or it is preferably also running under pressure control while the substi- 
tuate pump 16 displaces blood in the line 18 contrary to the normal direction of flow 
by means of transported substituate fluid until it is detected in the first optical detec- 
tor 26 that substituate fluid is flowing back instead of blood. This is recognized by 
the optical detector in that the substituate fluid is much lighter with respect to blood. 

From this moment in time, the blood is further displaced in a volume-controlled 
manner until it has reached the line outlet of the first line. The volume in the residual 
line behind the first detector 26 up to the line outlet is precisely known and the de- 
sired volume can be precisely displaced by means of the highly precisely dispens- 
ing substituate pump 16. After the displacement of the volume portion of blood, the 
arterial blood is very largely led back to the patient in a quantitative manner. 
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To return the venous blood, the blood pump is now closed or stopped and the first 
valve 22 is closed, while the second valve 24 is opened. The substituate pump now 
displaces blood through the released second line 20 and through the dialyzer 12 via 
transported substituate fluid until it is detected in the second detector 28 that substi- 
tuate fluid is flowing back instead of blood. The blood is now again further displaced 
in a volume-controlled manner until it has reached the line outlet of the second line 
so that the venous blood has now also been returned to the patient. 

If the substituate fluid is now not added through the predilution port 32, but through 
the postdilution port 34, the method described above is modified in that the substi- 
tuate solution already runs through the dialyzer 12 on the displacement of the arte- 
rial blood and displaces the corresponding blood, as well as the blood in the line 18 
following after, in the manner described above. 

The previously shown order of emptying the first line 18 and subsequently emptying 
the second line 20 can naturally also be swapped over within the framework of the 
invention. 



